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(54) AIR CONDITIONER 



(57) A refrigerant circuit (40) is provided with an out- 
door heat exchanger (54), an indoor heat exchanger (55) 
andtwo adsorption heat exchangers (56, 57). The indoor 
heat exchanger (55) is disposed in an indoor unit (11), 
while the outdoor heat exchanger (54) and the two ad- 
sorption heat exchangers (56, 57) are disposed in an 



outdoor unit (12). Moisture in outdoor air taken in the 
outdoor unit (12) is adsorbed by the adsorbent in the 
adsorption heat exchanger (56, 57) serving as an evap- 
orator and the air is dehumidified. The dehumidified air 
is cooled by the indoor heat exchanger (55) serving as 
an evaporator and the air is supplied to the room space. 
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Description 
Technical Field 

[0001] This invention relates to air conditioning sys- 
tems for coping with sensible heat load and latent heat 
load in a room space. 

Background Art 

[0002] An air conditioning system for providing cooling 
and dehumidification of a room space is known in the art 
as disclosed in Patent Document 1 (WO03/029728 pam- 
phlet). The air conditioning system includes a refrigerant 
circuit provided with an indoor heat exchanger as a uti- 
lization side heat exchanger and an outdoor heat ex- 
changer as a heat-source side heat exchanger and runs 
a refrigeration cycle by circulating refrigerant through the 
refrigerant circuit. Further, the air conditioning system 
dehumidifies the room space by setting the refrigerant 
evaporation temperature in the indoor heat exchanger 
below the dew point of the room air and condensing mois- 
ture in the room air. 

[0003] A dehumidifier is also known which includes 
heat exchangers each provided with an adsorbent on the 
surface thereof, as disclosed in Patent Document 2 (Pub- 
lished Unexamined Japanese Patent Application No. 
H07-265649). The dehumidifier includes two heat ex- 
changers (adsorption heat exchangers) each provided 
with an adsorbent for moisture adsorption thereon and 
moisture desorption therefrom and operates so that one 
of the two heat exchangers dehumidifles air and the other 
is regenerated. During the operation, the adsorption heat 
exchanger adsorbing moisture is supplied with water 
cooled by a cooling tower while the heat exchanger being 
regenerated is supplied with warm water. Further, the 
dehumidifier supplies the air dehumidified by the above 
operation into the room space. 

- Problems to Be Solved - 

[0004] As described above, theairconditioning system 
disclosed in Patent Document 1 copes with latent heat 
load in the room space by setting the refrigerant evapo- 
ration temperature in the indoor heat exchanger below 
the dew point of the room air and condensing moisture 
in the air. In other words, although indoor sensible heat 
load can be coped with even if the refrigerant evaporation 
temperature in the indoor heat exchanger is higher than 
the dew point of the room air, the refrigerant evaporation 
temperature is set at the lower value in order to cope with 
the latent heat load. This provides a large difference be- 
tween high and low pressures in the refrigeration cycle 
and raises the input to the compressor, which leads to a 
problem that only a small COP (Coefficient Of Perform- 
ance) can be attained. 

[0005] On the other hand, the dehumidifier disclosed 
in Patent Document 2 supplies water cooled by the cool- 



ing tower, i.e., cooled water having not much lower tem- 
perature than the room temperature, to the heat exchang- 
er. Therefore, the dehumidifier has a problem that it can 
cope with latent heat load but not sensible heat load in 

s the room space. 

[0006] The present invention has been made in view 
of the foregoing points and, therefore, its object is to pro- 
vide an air conditioning system which can cope with both 
of sensible heat load and latent heat load in the room 

io space and attain a high COP. 

Disclosure of the Invention 

[0007] In the present invention, a refrigerant circuit is 

is provided with a heat exchangerforcontrollingtheairtem- 
perature and an adsorption heat exchanger for providing 
moisture adsorption and desorption to cope with the air 
in both the heat exchanger and adsorption heat exchang- 
er and supply it into the room space. 

20 [0008] More specifically, afirst solution of the invention 
is intended for an air conditioning system, including a 
refrigerant circuit (40) provided with a heat-source side 
heat exchanger (54) and a utilization side heat exchanger 
(55), for running a refrigeration cycle in the refrigerant 

25 circuit (40) and supplying air having passed through the 
utilization side heat exchanger (55) to a room space to 
cope with sensible heat load and latent heat load in the 
room. Further, the refrigerant circuit (40) of the air con- 
ditioning system is further provided with an adsorption 

30 heat exchanger (56, 57) on the surface of which an ad- 
sorbent for moisture adsorption thereon andmoisture de- 
sorption therefrom iscarried, and theairconditioning sys- 
tem is configured to supply air having passed through 
the adsorption heat exchanger (56, 57) to the room space 

35 through the utilization side heat exchanger (55). 

[0009] In the first solution, the refrigerant circuit (40) 
Df the air conditioning system is provided with a single or 
plurality of heat-source side heat exchangers (54) and a 
single or plurality of utilization side heat exchangers (55). 

4 o When, under this configuration, refrigerant circulates 
through the refrigerant circuit(40) to create a refrigeration 
cycle, the airflowing through the utilization side heat ex- 
changer (55) is cooled orheated. Further, the refrigerant 
circuit (40) is also provided with a single or plurality of 

« adsorption heat exchangers (56, 57). When, under this 
configuration, refrigerant circulates through the refriger- 
ant circuit (40) to create a refrigeration cycle, the humidity 
of the airflowingth rough each adsorption heat exchanger 
[56, 57) is controlled by the adsorption or desorption ac- 

50 tion of the adsorbent carried on the adsorption heat ex- 
changer (56, 57). 

[0010] Further, during the dehumidification cooling op- 
eration, for example, in summer, the air conditioning sys- 
tem can cool, in the utilization side heat exchanger (55), 
55 the air the moisture in which has been adsorbed by the 
adsorption heat exchanger (56, 57) and then supply the 
air to the room space. In this case, since the airflowing 
through the utilization side heat exchanger (55) has been 
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dehumidified by the adsorption heat exchanger (56, 57), 
this reduces the amount of condensate during the cooling 
of the utilization side heat exchanger (55) as compared 
with when dehumidification is not implemented by the 
adsorption heat exchanger (56, 57). 
[0011] A second solution of the invention is intended 
for an air conditioning system, including a refrigerant cir- 
cuit (40) provided with a heat-source side heat exchanger 

(54) and a utilization side heat exchanger (55), for run- 
ning a refrigeration cycle in the refrigerant circuit (40) and 
supplying air having passed through the utilization side 
heat exchanger (55) to a room space to cope with sen- 
sible heat load and latent heat load in the room. Further, 
the refrigerant circuit (40) of the air conditioning system 
is further provided with an adsorption heat exchanger 
(56,57) on the surface of which an adsorbent for moisture 
adsorption thereon and moisture desorption therefrom is 
carried, and the air conditioning system is configured to 
supply air having passed through the utilization side heat 
exchanger (55) to the room space throughthe adsorption 
heat exchanger (56, 57). 

[001 2] In the second solution, like the first solution, the 
air flowing through the utilization side heat exchanger 

(55) is cooled or heated. Further, the humidity of the air 
flowing through the adsorption heat exchanger (56, 57) 
is controlled by the adsorption or desorption action of the 
adsorbent carried on the adsorption heat exchanger (56, 
57). 

[0013] Further, duringthedehumidificationcooling op- 
eration, for example, in summer, the air conditioning sys- 
tem can dehumidify, in the adsorption heat exchanger 
(56,57), the air having been cooled by the utilization side 
heat exchanger (55) and then supply the air to the room 
space. In this case, since the air flowing through the ad- 
sorption heat exchanger (56, 57) has been cooled by the 
utilization side heat exchanger (55), it has a lower tem- 
perature than when cooling is not implemented by the 
utilization side heat exchanger (55). This enhances the 
moisture adsorption capacity of the adsorbent of the ad 
sorption heat exchanger (56, 57). 
[0014] Furthermore, during the humidification heating 
operation, forexample, in winter, the airconditioning sys- 
tem can humidify, in the adsorption heat exchanger (56, 
57), the air having been heated by the utilization side 
heat exchanger (55) and then supply the air to the room 
space. In this case, since the airflowing through the ad- 
sorption heat exchanger (56, 57) has been heated by the 
utilization side heat exchanger (55), it has a higher tem- 
perature than when heating is not implemented by the 
utilization side heat exchanger (55). This enhances the 
moisture desorption capacity of the adsorbent of the ad- 
sorption heat exchanger (56, 57). 
[001 5] An third solution of the invention is intended for 
an airconditioning system, including a refrigerant circuit 
(40) provided with a heat-source side heat exchanger 
(54) and a utilization side heat exchanger (55), for run- 
nings refrigeration cycle in the refrigerant circuit (40) and 
supplying air having passed through the utilization side 



heat exchanger (55) to a room space to cope with sen- 
sible heat load and latent heat load in the room. Further, 
the refrigerant circuit (40) of the air conditioning system 
is further provided with an adsorption heat exchanger 

s (56, 57) on the surface of which anadsorbentformoisture 
adsorption thereon and moisture desorption therefrom is 
earned, and the air conditioning system is configured to 
allow the air to concurrently flow in parallel flows through 
the utilization side heat exchanger (55) and the adsorp- 

io tion heat exchanger (56, 57) and supply the flows of air 
to the room space. 

[0016] In the third solution, like the first solution, the 
air flowing through the utilization side heat exchanger 
(55) is cooled or heated. Further, the humidity of Ihe air 
'5 flowing through the adsorption heat exchanger (56, 57) 
is controlled by the adsorption ordesorption action of the 
adsorbent carried on the adsorption heat exchanger (56, 
57). 

[001 7] Further, in the air conditioning system, the par- 

20 allel flows of air concurrently go into the utilization side 
heat exchanger (55) and the adsorption heat exchanger 
(56, 57), respectively. One of the flows of air passes 
through the utilization side heat exchanger (55) and is 
then supplied to the room space. The other flow of air 

25 passes through the adsorption heat exchanger (56, 57) 
and is then supplied to the room space. 
[0018] A fourth solution of the invention is intended for 
an air conditioning system, including a refrigerant circuit 
(40) provided with a heat-source side heat exchanger 

30 (54) and a utilization side heat exchanger (55), for run- 
ning a refrigeration cycle in the refrigerant circuit (40) and 
supplying air having passed through the utilization side 
heat exchanger (55) to a room space to cope with sen- 
sible heat load and latent heat load in the room. Further, 

35 the refrigerant circuit (40) of the air conditioning system 
is further provided with an adsorption heat exchanger 
(56, 57) on the surface of which an adsorbentformoisture 
adsorption thereon and moisture desorption therefrom is 
carried, and the air conditioning system is configured to 

40 discharge air having passedthrough the adsorption heat 
exchanger (56, 57) to the outdoor space through the 
heat-source side heat exchanger (54). 
[0019] In the fourth solution, during the humidification 
heating operation, for example, in winter, the air condi- 

45 tioning system can cool, in the heat-source side heat ex- 
changer (54), the air having applied moisture to the ad- 
sorbent of the adsorption heat exchanger (56, 57) and 
then discharge the air to the outdoor space. In this case, 
since the airflowing through the heat-source side heat 

so exchanger (54) has been dehumidified by the adsorption 
heat exchanger (56, 57), this reduces the amount of con- 
densate during the cooling of the heat-source side heat 
exchanger(54) as compared with when dehumidification 
is not implemented by the adsorption heat exchanger 

55 (56, 57). 

[0020] A fifth solution of the invention is intended for 
an air conditioning system, including a refrigerant circuit 
(40) provided with a heat-source side heat exchanger 
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(54) and a utilization side heat exchanger (55), for run- 
ning a refrigeration cycle in the refrigerant circuit (40) and 
supplying air having passed through the utilization side 
heat exchanger (55) to a room space to cope with sen- 
sible heat load and latent heat load in the room. Further, 
the refrigerant circuit (40) of the air conditioning system 
is further provided with an adsorption heat exchanger 
(56, 57) on the surface of which an adsorbentformoisture 
adsorption thereon and moisture desorption therefrom is 
carried, and the air conditioning system is configured to 
discharge air having passed through the heat-source 
side heat exchanger (54) to the outdoor space through 
the adsorption heat exchanger (56, 57). 
[0021] In the fifth solution, during the dehumidification 
cooling operation, for example, in summer, the air con- 
ditioning system can desorb moisture from the adsorbent 
of the adsorption heat exchanger (56, 57) using the air 
having been heated by the heat-source side heat ex- 
changer (54) and then discharge the air to the outdoor 
space. In this case, since the air flowing through the ad- 
sorption heat exchanger (56, 57) has been heated by the 
heat-source side heat exchanger (54), it has a higher 
temperature than when heating is not implemented by 
the heat-source side heat exchanger (54). This enhances 
the moisture desorption capacity of the adsorbent of the 
adsorption heat exchanger (56, 57). 
[0022] Further, during the humidification heating oper- 
ation, for example, in winter, the air conditioning system 
can dehumidify, in the adsorption heat exchanger (56, 
57), the air having been cooled by the heat-source side 
heat exchanger (54) and then discharge the air to the 
outdoor space. In this case, since the airflowing through 
the adsorption heat exchanger (56, 57) has been cooled 
by the heat-source side heat exchanger (54), it has a 
lower temperature than when cooling is not implemented 
by the heat-source side heat exchanger (54). This en- 
hances the moisture adsorption capacity of the adsorbent 
of the adsorption heat exchanger (56, 57). 
[0023] A sixth solution of the invention is intended for 
an air conditioning system, including a refrigerant circuit 
(40) provided with a heat-source side heat exchanger 
(54) and a utilization side heat exchanger (55), for run- 
ning a refrigeration cycle in the refrigerant circuit(40) and 
supplying air having passed through the utilization side 
heat exchanger (55) to a room space to cope with sen- 
sibJe heat load and latent heat load in the room. Further, 
the refrigerant circuit (40) of the air conditioning system 
is further provided with an adsorption heat exchanger 
(56, 57) on the surface of which an adsorbentformoisture 
adsorption thereon and moisture desorption therefrom is 
carried, and the air conditioning system is configured to 
allow the airto concurrently flow in parallel flows through 
the heat-source side heat exchanger (54) and the ad- 
sorption heat exchanger (56, 57) and discharge the flows 
of air to the outdoor space. 

[0024] In the sixth solution, the parallel flows of aircon- 
currentty go into the heat-source side heat exchanger 
(54) and the adsorption heat exchanger(56, 57), respec- 



tively. One of the flows of air passes through the heat- 
source side heat exchanger (54) and is then discharged 
to the outdoorspace. The otherflow of airpasses through 
the adsorption heat exchanger (56, 57) and is then dis- 

s charged to the outdoor space. 

[0025] A seventh solution of the invention is directed 
to the air conditioning system of any one of the first to 
sixth solutions, wherein the adsorption heat exchanger 
(56, 57) comprises a first adsorption heat exchanger (56) 

10 and a second adsorption heat exchanger (57), and the 
airconditioning system is configured to repeatedly alter 
nate a first mode in which the air having passed through 
the first adsorption heat exchanger (56) is supplied to the 
room space and concurrently the air having passed 

15 through the second adsorption heat exchanger (57) is 
discharged to the outdoor space and a second mode in 
which the air having passed through the second adsorp- 
tion heat exchanger (57) is supplied to the room space 
and concurrently the air having passed through the first 

^0 adsorption heat exchanger (56) is discharged to the out- 
door space. 

[0026] In the seventh solution, the refrigerant crcwf 
(40) of the air conditioning system is provided with a 'ret 
adsorption heat exchanger(56) and asecond ajso vion 

25 heat exchanger (57). In the air conditioning system, an 
adsorption action for adsorbing moisture in the air takes 
place in one of the first adsorption heat exchanger (56) 
and the second adsorption heat exchanger (57) and con- 
currently a desorption action (regeneration action)forde- 

30 sotting moisture from the adsorbent takes place in the 
other of the first adsorption heat exchanger (56) and the 
second adsorption heat exchanger (57). 

- Effects - 

35 

[0027] In the present invention, the refrigerant circuit 
(40) is provided with one or more adsorption heat ex- 
changers (56, 57) and the air conditioning system con- 
trols the humidity of the air by passing the air through the 

io adsorption heat exchanger (56, 57). Specifically, the air 
conditioning system de humidifies the air not by condens- 
ing moisture in the air as in the known system but by 
adsorbing moisture in the air on the adsorbent. This elim- 
inates the need to set the refrigerant evaporation tern- 

45 perature in the refrigeration cycte below the air dew point 
unlike the known system and enables the airto be de- 
humidified even if the refrigerant evaporation tempera- 
ture is set at the air dew point or higher. Therefore, ac- 
cording to the present invention, the refrigerant evapo- 

so ration temperature in the refrigeration cycle can be set 
higher than in the known system even when the air is 
dehumidified, which reduces the difference between high 
and low pressures in the refrigeration cycle. As a result, 
power required for refrigerant compression can be re- 

55 duced, thereby improving the COP of the refrigeration 
cycle. 

[0028] Particularly in the first solution, during the de- 
humidification cooling operation, the airconditioning sys- 
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tem is configured to cool, in the utilization side heat ex- 
changer (55), the air the moisture in which has been ad- 
sorbed by the adsorption heat exchanger (56, 57} and 
then supply it to the room space. In this case, since the 
air being cooled by the utilization side heat exchanger 
(55) has been dehumidified by the adsorption heat ex- 
changer (56, 57), this reduces the amount of condensate 
produced near the utilization side heat exchanger (55) 
with the air cooling. Therefore, drain water can be re- 
strained from being produced in the utilization side heat 
exchanger (55) and a system fordrain can be downsized. 
[0029] In the second solution, during the dehumid'rfi- 
cation cooling operation, the air conditioning system is 
configured to dehumidify, in the adsorption heat ex- 
changer (56, 57), the air having been cooled by the uti- 
lization side heat exchanger (55) and then supply the air 
to the room space. In this case, since the air being de- 
humidified by the adsorbent of the adsorption heat ex- 
changer (56, 57) has been cooled by the utilization side 
heat exchanger (55), this enhances the moisture adsorp- 
tion capacity of the adsorbent. Therefore, the dehumid- 
ification performance of the air conditioning system can 
be enhanced. 

[0030] Further, during the humidification heating oper- 
ation, the air conditioning system is configured to humid- 
ify, in the adsorption heat exchanger (56, 57), the air 
having been heatedby the utilization side heat exchanger 
(55) and then supply the air to the room space. In this 
case, since the air being humidified by the adsorption 
heat exchanger (56, 57) has been heated by the utiliza- 
tion side heatexchanger(55),thisenhances the moisture 
desorption capacity of the adsorbent. Therefore, the hu- 
midification performance of the air conditioning system 
can be enhanced. 

[0031 ] In the third solution, the air conditioning system 
is configured to allow the air to concurrently flow in par- 
allel flows through the utilization side heat exchanger (55) 
and the adsorption heat exchanger (56, 57) and then 
supply the flows of air to the room space. In this case, 
the pressure loss produced with air flowing is reduced 
as compared with when the air sequentially flows 
through, for example, the utilization side heat exchanger 
(55) and the adsorption heat exchanger (56, 57). This 
provides reduced power for an air blower for blowing the 
air and in turn a downsized air blower. 
[0032] Fu rth er, si nee the uti lization side heat exchang- 
er (55) and the adsorption heat exchanger (56, 57) con- 
currently can cope with the corresponding flows of air, 
the amount of air flowing through the utilization side heat 
exchanger (55) and the amount of airflowing through the 
adsorption heat exchanger (56, 57), for example, can be 
separately controlled andthe air temperature control and 
air humidity control can be carried out individually. This 
increases the flexibility of air conditioning using the air 
conditioning system and thereby enhances the comfort- 
ableness of the room space. 

[0033] In the fourth solution, during the humidification 
heating operation, the air conditioning system is config- 



ured to cool, in the heat-source side heat exchanger (54), 
the air the moisture in which has been adsorbed by the 
adsorption heat exchanger (56, 57) and then discharge 
the air to the outdoor space. In this case, since the air 

s being cooled by the heat-source side heat exchanger 
(54) has been dehumidified by the adsorption heat ex- 
changer (56, 57), this reduces the amount of condensate 
produced near the heat-source side heat exchanger (54) 
with the air cooling. Therefore, drain water can be re- 

io strained from being produced in the heat-source side 
heat exchanger (54) and asystem fordraincanbe down- 
sized. Further, if the heat-source side heat exchanger 
(54) is disposed in the outdoor space, it can be prevented 
that condensate freezes on the surface of the heat- 
's source side heat exchanger (54). 

[0034] In the fifth solution, during the dehumidtfication 
cooling operation, the air conditioning system is config- 
ured to heat, in the adsorption heat exchanger (56, 57), 
the air having been heated by the heat-source side heat 

20 exchanger (54) and then discharge the airto the outdoor 
space. Inthiscase, since the air used to desorb moisture 
in the adsorbent of the adsorption heat exchanger (56, 
57) has been heated by the heat-source side heat ex- 
changer (54), this enhances the moisture desorption ca- 

25 pacity of the adsorbent, in other words, the regeneration 
capacity. Therefore, when the air conditioning system 
adsorb moisture in the air on the adsorbent of the ad- 
sorption heat exchanger (56, 57) and supply the air to 
the room space, the dehumidification performance can 

30 be enhanced. 

[0035] Further, during the humidification heating oper- 
ation, the air conditioning system is configured to cool, 
in the adsorption heat exchanger (56, 57), the air having 
been cooled by the heat-source side heat exchanger (54) 

35 and then discharge the air to the outdoor space. In this 
case, since the air applying moisture to the adsorbent of 
the adsorption heat exchanger (56, 57) has been cooled 
by the heat-source side heat exchanger (54), this en- 
hances the moisture adsorption capacity of the adsorb- 
ent Therefore, when the air conditioning system desorb 
moisture from the adsorbent of the adsorption heat ex- 
changer (56, 57) and supply the airto the room space, 
the humidification performance can be enhanced. 
[0036] In the sixth solution, the air conditioning system 

45 is configured to allow the air to concurrently flow in par- 
allel flows through the heat-source side heat exchanger 
(54) and the adsorption heat exchanger (56, 57) and dis- 
charge the flows of ai r to the outdoor space. I n this case, 
the pressure loss produced with air flowing is reduced 

so as compared with when the air sequentially flows 
through, forexample, the heat-source side heat exchang- 
er (54) and the adsorption heat exchanger (56, 57). This 
provides reduced power for an air blowerfor blowing the 
air and in turn a downsized air blower. 

55 [0037] In the seventh solution, the air coped with one 
of the first and second adsorption heat exchangers (56, 
57) is supplied to the room space and, concurrently, the 
air coped with the other of the first and second adsorption 
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heat exchangers (56, 57) is discharged to the outdoor 
space. Thus, an adsorption action for one of the first and 
second adsorption heat exchangers (56, 57) and a re- 
generation action for the other can concurrently take 
place. Therefore, the dehumidifrcation cooling operation 
orthe humidification heating operation in the room space 
can be continuously performed. 

Brief Description of the Drawings 

[0038] 

[Figure 1] Figure 1 is a conceptual diagram showing 
the air flow of an air conditioning system according 
to Embodiment 1 during a first mode. 
[Figure 2] Figure 2 is a conceptual diagram showing 
the airflow of the air conditioning system according 
to Embodiment 1 during a second mode. 
[Figure 3] Figure 3 is a schematic diagram showing 
the configuration of a refrigerant circuit according to 
Embodiment and its behavior during the dehumidi- 
fication cooling operation. 

[Figure 4} Figure 4 is a schematic diagram showing 
the configuration of the refrigerant circuit according 
to Embodiment and its behavior during the humidi- 
fication heating operation. 
[Figure 5] Figure 5 is a conceptual diagram showing 
the air flow of an air conditioning system according 
to a modification of Embodiment 1 during a first 
mode. 

[Figure 6] Figure 6 is a conceptual diagram showing 
the airflow of the airconditioning system according 
to the modification of Embodimentl during a second 
mode. 

[Figure 7] Figure 7 is a conceptual diagram showing 

the airflow of an air conditioning system according 

to Embodiment 2 during a first mode. 

[Figure 8] Figure 8 is a conceptual diagram showing 

the airflow of the airconditioning system according 

to Embodiment 2 during a second mode. 

[Figure 9] Figure 9 is a conceptual diagram showing 

the air flow of an airconditioning system according 

to a modification of Embodiment 2 during a first 

mode. 

[Figure 10] Figure 10 is a conceptual diagram show- 
ing the airflow of the air conditioning system accord- 
ing to the modification of Embodiment 2 during a 
second mode. 

[Figure 11] Figure 11 is a conceptual diagram show- 
ing the air flow of an air conditioning system accord- 
ing to Embodiment 3 during a first mode. 
[Figure 12] Figure 12 is a conceptual diagram show- 
ing the airflow of the airconditioning system accord- 
ing to Embodiment 3 during a first mode. 
[Figure 13] Figure 13 is a schematic diagram show- 
ing the structure of the air conditioning system ac- 
cording to Embodiment 3. 
[Figure 1 4] Figure 14 is a conceptual diagram show- 



ing the airflow of the airconditioning system accord- 
ing to Embodiment 3 during the first mode. 
[Figure 1 5] Figure 15 is a conceptual diagram show- 
ing the airflow ofthe airconditioning system accord- 
s ing to Embodiment 3 during the second mode. 

[Figure 16] Figure 16 is a conceptual diagram show- 
ing the airflow of theair conditioning system accord- 
ing to Embodiment 3. 

» Best Mode for Carrying Out the Invention 

[0039] Embodiments of the present invention will be 
described in detail bebw with reference to the drawings. 

is «Embodiment1 ofthe lnvention» 

[0040] Embodiment 1 of the present invention is de- 
scribed. An air conditioning system (10) of the present 
embodiment runs a vapor compression refrigeration cy- 

20 cle by circulating refrigerant through a refrigerant circuit 
(40) to cope with both of sensible heat load and latent 
heat load in a room space. The refrigerant circuit (40) of 
the air conditioning system (10) is provided with an out- 
door heat exchanger (54) as a heat-source side heat ex- 

25 changer, an indoor heat exchanger (55) as a utilization 
side heat exchanger an d two adsorption heat exchangers 
(first and second adsorption heat exchangers) (56, 57). 
[0041] Asshownin Figuresl and2, the airconditioning 
system (10) is configured as a so-called separate type 

30 and includes an indoor unit (1 1 ) and an outdoor unit (12). 
The indoor unit (11) includes the indoor heat exchanger 
(55) and is disposed in the room space. On the other 
hand, the outdoor unit (1 2) includes the outdoor heat ex- 
changer (54), the first adsorption heat exchanger (56) 

35 and the second adsorption heat exchanger (57) and is 
disposed in the outdoor space. The indoor unit (11) is 
configured as a so-called wall-mounted type, namely, is 
mounted on a wall surface of the room. The indoor unit 
(11) and the outdoor unit (12) are connected to each 

4o other via unshown interconnecting lines ofthe refrigerant 
circuit (40). Further, an unshown air passage described 
later in detail is disposed between the indoor unit (11) 
and the outdoor unit (12). 

[0042] As shown in Figures 3 and 4, the refrigerant 
45 circuit (40) ofthe airconditioning system (10) is provided 
with a single compressor (50), a single motor-operated 
expansion valve (53) and two four-way selector valves 
(51, 52). Further, the refrigerant circuit (40) is provided 
with asingle outdoor heat exchanger (54), asingle indoor 
so heatexchanger{55) andtwo adsorption heat exchangers 
[56, 57). 

[0043] The compressor (50) is connected at its dis- 
charge side to the first port of the first four-way selector 
valve (51) and connected at its suction side to the second 
55 port ofthe first four- way selector valve (51 ). The outdoor 
heat exchanger (54) is connected at one end to the third 
port ofthe firstfour-way selector valve (51) and connect- 
ed at the other end to the first port of the second four- 
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way selector valve (52). The indoor heat exchanger (55) 
is connected at one end to the fourth port of the firstfour- 
way selector valve (51) and connected at the other end 
to the second port of the second four-way selector valve 
(52). In the refrigerant circuit (40), the first adsorption 
heat exchanger (56), the motor-operated expansion 
valve (53) and the second adsorption heat exchanger 
(57) are arranged in this order from the third to fourth port 
of the second four-way selector valve (52). 
[0044] The outdoor heat exchanger (54), the indoor 
heat exchanger (55) and each adsorption heat exchang- 
er (56, 57) are cross-fin type fin-and tube heat exchang- 
ers composed of a heat exchanger tube and a large 
number of fins. Out ofthem, the adsorption heat exchang- 
er (56, 57) has an adsorbent carried on the fin surfaces. 
Adsorbents used include zeolite and silica gel. On the 
other hand, each of the outdoor heat exchanger (54) and 
the indoor heat exchanger (55) has no adsorbent carried 
on the fin surfaces and provides only heat exchange be- 
tween air and refrigerant. 

[0045] The first four-way selector valve (51) switches 
between a first position (the position shown in Figure 3) 
in which the first and third ports communicate and the 
second and fourth ports communicate and a second po- 
sition (the position shown in Figure 4) in which the first 
and fourth ports communicate and the second and third 
ports communicate. On the other hand, the second four- 
way selector valve (52) switches between a first position 
(the position shown in Figures 3(A) and 4(B)) in which 
the first and third ports communicate and the second and 
fourth ports communicate and a second position (the po- 
sition shown in Figures 3(B) and 4(A)) in which the first 
and fourth ports communicate and the second and third 
ports communicate. 

[0046] Under the above structure, as shown in Figures 
1 and 2, the air conditioning system (10) of Embodiment 
1 is configured to supply, through the indoor heat ex- 
changer (55) to the room space, the air having passed 
through the adsorption heat exchanger (56, 57) disposed 
in the outdoor unit (12). The air conditioning system (10) 
is also configured to discharge, through the other adsorp- 
tion heat exchanger (56, 57) to the outdoor space, the 
air having passed through the outdoor heat exchanger 
(54). Further, the air conditioning system (10) is config- 
ured to provide so-called batchwise continuous dehumid- 
iftcation and humidification by repeatedly alternating a 
mode (first mode) in which the air having passed through 
the first adsorption heat exchanger (56) is supplied to the 
room space and concurrently the air having passed 
through the second adsorption heat exchanger (57) is 
discharged to the outdoor space and a mode (second 
mode) in which the air having passed through the second 
adsorption heat exchanger (57) is supplied to the room 
space and concurrently the air having passed through 
the first adsorption heat exchanger (56) is discharged to 
the outdoor space. 



- Operational Behavior - 

[0047] Next, the operational behavior of the air condi- 
tioning system (10) of Embodiment 1 is described with 

5 reference to Figures 1 to 4. The air conditioning system 
(10) of the present embodiment performs a dehumidifi- 
cation cooling operation and a humidification heating op- 
eration. The air conditioning system (10) also provides 
airconditioning and ventilation of the room space by cop- 

10 ingwith the outdoor airand supplying ittothe room space 
while coping with part of the room air and circulating it in 
the room space. When unshown indoor fan and exhaust 
fan in the airconditioning system (10) are operated, the 
room air is taken in the indoor unit (11) and the outdoor 

15 air is taken in the outdoor unit (12). 

<Dehumidification cooling operation> 

[0048] During the de humidification cooling operation, 
20 as shown in Figure 3, in the refrigerant circuit (40), the 
first four-way selector valve (51) is set to the first position, 
the opening of the motor-operated expansion valve (53) 
is appropriately controlled, the outdoor heat exchanger 

(54) serves as a condenser and the indoor heat exch ang- 
25 er (55) serves as an evaporator. Further, in the air con- 
ditioning system (10), the first mode (the mode in Figure 
3(B)) in which the first adsorption heat exchanger (56) 
serves as an evaporator and the second adsorption heat 
exchanger (57) serves as a condenser and the second 

30 mode (the mode in Figure 3(A)) in which the second ad- 
sorption heat exchanger (57) serves as an evaporator 
and the first adsorption heat exchanger (56) serves as a 
condenser are repeatedly alternated. 
[0049) In the first mode, as shown in Figure 1 , the air 

35 taken in the outdoor unit (1 2) comprises separate flows 
into the first adsorption heat exchanger (56) and the out- 
door heat exchanger (54). The air having flowed into the 
first adsorption heat exchanger (56) gives heat of evap- 
oration to refrigerant flowing through the first adsorption 
heat exchanger (56) functioning as an evaporator and 
thereby being cooled. Further, moisture in the air is ad- 
sorbed by the adsorbent carried on the first adsorption 
heat exchanger (56), so that the air is dehumidified. The 
air cooled and dehumidified by the first adsorption heat 

45 exchanger (56) flows through the unshown air passage 
disposed between the outdoor unit (12) and the indoor 
unit (11) and then into the indoor unit (11). The air is 
mixed with the above-mentioned room air taken in the 
indoor unit (11) and then flows through the indoor heat 

so exchanger (55). The mixed air gives heat of evaporation 
to refrigerant flowing through the indoor heat exchanger 

(55) functioning as an evaporator and thereby being fur- 
ther cooled. The airthus cooled and dehumidified is sup- 
plied through the indoor unit (11) to the room space. 

55 [0050] On the other hand, out of the air taken in the 
outdoor unit (12), the air having flowed into the outdoor 
heat exchanger (54) is given heat of condensation from 
refrigerant flowing through the outdoor heat exchanger 
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(54)functioning as a condenser and thereby heated. The 
air heated by the outdoor heat exchanger (54) flows into 
the second adsorption heatexchanger(57). The aircaus- 
es moisture in the adsorbent of the second adsorption 
heat exchanger (57) to be desorbed and the desorbed 
moisture is given to th e air. Th us, the air having ge nerated 
the second adsorption heat exchanger (57) is discharged 
through the outdoor unit (1 2) to the outdoor space. 
[0051] In the second mode, as shown in Figure 2, the 
air taken in the outdoor unit (12) comprises separate 
flows into the second adsorption heat exchanger (57) 
and the outdoor heat exchanger (54). The air having 
flowed into the second adsorption heat exchanger (57) 
gives heat of evaporation to refrigerant flowing through 
the second adsorption heat exchanger (57) functioning 
as an evaporator and thereby being cooled. Further, 
moisture in the air is adsorbed by the adsorbent carried 
on the second adsorption heat exchanger (57), so that 
the air is dehumidified. The air cooled and dehumidified 
by the second adsorption heat exchanger (57) flows 
thro-ugh the unshown air passage disposed between the 
outdoor unit (12) and the indoor unit (11) and then into 
the indoor unit (11). The air is mixed with the above- 
mentioned room airtaken in the indoor unit (11 ) and then 
flows through the indoor heat exchanger (55). The mixed 
air gives heat of evaporation to refrigerant flowing 
through the indoor heat exchanger (55) functioning as 
an evaporator and thereby being further cooled. The air 
thus cooled and dehumidified is supplied through the in- 
door unit (1 1) to the room space. 
[0052] On the other hand, out of the air taken in the 
outdoor unit (12), the air having flowed into the outdoor 
heat exchanger (54) is given heat of condensation from 
refrigerant flowing through the outdoor heat exchanger 

(54) functioning as a condenser andthereby heated. The 
air heated by the outdoor heat exchanger (54) flows into 
the first adsorption heat exchanger (56). The air causes 
moisture in the adsorbent of the f irst adsorption heat ex- 
changer (56) to be desorbed and the desorbed moisture 
is given to the air. Thus, the air having generated the first 
adsorption heat exchanger (56) is discharged through 
the outdoor unit (1 2) to the outdoor space. 

<Humidification heating operation> 

[0053] During the humidification heating operation, as 
shown in Figure 4, in the refrigerant circuit (40), the first 
four-way selector valve (51) is set to the second position, 
the opening of the motor-operated expansion valve (53) 
is appropriately controlled, the indoor heat exchanger 

(55) serves as a condenser and the outdoor heat ex- 
changer (54) serves as an evaporator. Further, a first 
mode (the mode in Figure 4(A)) in which the first adsorp- 
tion heat exchanger (56) serves as a condenser and the 
second adsorption heat exchanger (57) serves as an 
evaporator and a second mode (the mode in Figure 4 
(B)) in which the second adsorption heat exchanger (57) 
serves as a condenser and the first adsorption heat ex- 



changer (56) serves as an evaporator are repeatedly al- 
ternated. 

[0054] In the first mode, as shown in Figure 1 , the air 
taken In the outdoor unit (12) comprises separate flows 

s into the first adsorption heat exchanger (56) and the out- 
door heat exchanger (54). The air having flowed into the 
first adsorption heat exchanger(56) is given heat of con- 
densation from refrigerant flowing through the first ad- 
sorption heat exchanger (56) functioning as a condenser 
and thereby heated. Further, the air is given moisture 
desorbed from the adsorbent of the first adsorption heat 
exchanger (56) and thereby humidified. The air heated 
and humidified by the first adsorption heat exchanger 
(56) flows through the unshown air passage disposed 

'5 between the outdoor un'rt (12) and the indoor unit (11) 
and then into the indoor unit (11). The air is mixed with 
the above-mentioned room air taken in the indoor unit 

(11) and then flows through the indoor heat exchanger 
(55). The mixed air is given heat of condensation from 

20 refrigerant flowing through the indoor heat exchanger 
(55) functioning asacondenser and thereby further heat- 
ed. The air thus heated and humidified is supplied 
through the indoor unit (11 ) to the room space. 
[0055] On the other hand, out of the air taken in the 
25 outdoor unit (1 2), the air having flowed into the outdoor 
heat exchanger (54) gives heat of evaporation to refrig- 
erant flowing through the outdoor heat exchanger (54) 
functioning as an evaporator and thereby being cooled. 
The air cooled by the outdoor heat exchanger (54) flows 
30 into the second adsorption heat exchanger (57). The 
moisture in the air is adsorbed by the adsorbent of the 
second adsorption heat exchanger (57). Thus, the air 
having given moisture to the second adsorption heat ex- 
changer (57) is discharged through the outdoor unit (12) 
3S to the outdoor space. 

[0056] In the second mode, as shown in Figure 2, the 
air taken in the outdoor unit (12) comprises separate 
flows into the second adsorption heat exchanger (57) 
and the outdoor heat exchanger (54). The air having 
flowed into the second adsorption heat exchanger (57) 
is given heat of condensation from refrigerant flowing 
through the second adsorption heat exchanger (57) func- 
tioning as a condenser and thereby heated. Further, the 
air is given moisture desorbed from the adsorbent of the 
4 5 second adsorption heat exchanger (57) and thereby hu- 
midified. The air heated and humidified by the second 
adsorption heat exchanger (56) flows through the un- 
shown air passage disposed between the outdoor unit 

(12) and the indoor unit (1 1) and then into the indoor unit 
so (1 1 ). The air is mixed with the above-me ntio ned room ai r 

taken in the indoor unit (11) and then flows through the 
indoor heat exchanger (55). The mixed air is given heat 
of condensation from refrigerant flowing through the in- 
door heat exchanger (55) functioning as a condenser 
55 and thereby further heated. The air thus heated and hu- 
midified is supplied through the indoor unit (11) to the 
room space. 

[0057] On the other hand, out of the air taken in the 
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outdoor unit (12), the air having flowed into the outdoor 
heat exchanger (54) gives heat of evaporation to refrig- 
erant flowing through the outdoor heat exchanger (54) 
functioning as an evaporator and thereby being cooled. 
The air cooled by the outdoor heat exchanger (54) flows 
into the first adsorption heat exchanger (56). The mois- 
ture in the air is adsorbed by the adsorbent of the first 
adsorption heat exchanger (56). Thus, the air having giv- 
en moisture to the first adsorption heat exchanger (56) 
is discharged through the outdoor unit (1 2) to the outdoor 
space. 

- Effects of Embodiment 1- 

[0058] In Embodiment"!, the adsorption heatexchang- 
ers (56, 57) are disposed in the refrigerant circuit (40) 
and the air humidity is controlled by passing the air 
through the adsorption heat exchangers (56, 57). In other 
words, theairis dehumidified not by condensing moisture 
in the air as in the known technique but by adsorbing the 
moisture in the air on an adsorbent. This eliminates the 
need to set the refrigerant evaporation temperature in 
the refrigeration cycle below the dew point of air and en- 
ables air dehumidification even if the refrigerant evapo- 
ration temperature is set at the air dew point or higher. 
[0059] Therefore, according to the present embodi- 
ment, in dehumidifying air, the refrigerant evaporation 
temperature in the refrigeration cycle can be set higher 
than conventionally done, which reduces the difference 
between high and low pressures inthe refrigeration cycle. 
As a result, the power consumption of the compressor 
(50) can be reduced, thereby improving the COP of the 
refrigeration cycle. 

[0060] Further, Embodimentl isconfiguredsothatthe 
air having passed through the first or second heat ex- 
changer(56, 57)flows through the indoor heatexchanger 
(55) and is then supplied through the indoor unit (1 1 ) to 
the room space. Thus, during the dehumidification cool- 
ing operation, the humidity of the air to be cooled by the 
indoor heat exchanger (55) can be lowered by the ad- 
sorption action of the first or second adsorption heat ex- 
changer (56, 57). Therefore, the amount of condensate 
produced during air cooling of the indoor heatexchanger 
(55)can be reduced. As a result, a drain recovery system 
or the like disposed near the indoor heat exchanger (55) 
can be downsized. 

[0061] Furthermore, Embodiment 1 is configured so 
that the air having passed through the first or second 
adsorption heat exchanger (56, 57) is first mixed with the 
room air and the mixed air then flows through the indoor 
heat exchanger (55). The air flowing through the indoor 
heat exchanger (55), however, may be only the outdoor 
air having passed through the first or second adsorption 
heat exchanger (56, 57). Also in this case, owing to the 
above reason, the amount of condensate produced dur- 
ing air cooling of the indoor heat exchanger (55) can be 
reduced. 

[0062] Furthermore, Embodiment 1 is configured so 



that the air having passed through the outdoor heat ex- 
changer (54) flows through the first or second adsorption 
heat exchanger (56, 57) and is then discharged through 
the outdoor unit (12) to the outdoor space. Therefore, 

5 during the dehumidification cooling operation, the air 
flowing through the first or second adsorption heat ex- 
changer (56, 57) has a higher temperature than when 
not heated by the outdoor heat exchanger (54). This en- 
hances the moisture desorption capacities of the adsorb- 

io ents of the first and second adsorption heat exchangers 
(56, 57) and increases the regeneration efficiencies of 
the adsorbents. Thus, when the moisture in the air sup- 
plied to the room space during the dehumidification is 
adsorbed by the adsorbent of the first or second adsorp- 

15 tion heat exchanger (56, 57), the adsorption capacity of 
the adsorbent is also enhanced. As a result, the dehu- 
midification performance of the air conditioning system 
(10) is enhanced. 

[0063] On the Dther hand, during the humidification 
20 heating operation, the airflowing through the first or sec- 
ond adsorption heat exchanger (56, 57) has a lowertem- 
perature than when not cooled by the outdoor heat ex- 
changer (54). This enhances the moisture adsorption ca- 
pacities of the adsorbents of the first and second adsorp- 
tion heatexchangers(56,57)andincreasestheamounts 
of moisture given to the adsorbents, This in turn increases 
the amounts of moisture given from the adsorbents to 
the air supplied to the room space during the humidifica- 
tion. As a result, the humidification performance of the 
30 air conditibning. system (10) is enhanced. 

[0064] Furthermore, in the present embodiment, the 
adsorption heat exchangercomprises the first adsorption 
heat exchanger (56) and the second adsorption heat ex- 
changer (57). Therefore, the first mode and the second 
35 mode are repeatedly alternated, which enables a contin- 
uous dehumidification cooling operation and a continu- 
ous humidification heating operation. 

- Modification of Embodiment 1 - 

[0065] As described above, Embodiment 1 is config- 
ured so that the air having passed through the outdoor 
heat exchanger (54) flows through the first or second 
adsorption heat exchanger (56, 57) and is then dis- 
45 charged through the outdoor unit (12) to the outdoor 
space. 

[0066] Unlike the above embodiment, the aircondition- 
ing system (10) of this modification is configured so that 
in discharging the air through the outdoor unit (12) to the 

so outdoor space, the outdoor heat exchanger (54) and the 
adsorption heat exchanger (56, 57) concurrently pass 
the parallel flows of air, respectively, to concurrently cope 
with the flow of air passing through the outdoor heat ex- 
changer (54) and the flow of air passing through the ad- 

55 sorption heat exchanger (56, 57) and the flows of air are 
then discharged to the outdoor space (see Figures 5 and 
6). In this modification, the rest of the configuration of the 
air conditioning system (10) is the same as in Embodi- 
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ment 1. 

- Operational Behavior - 

[0067] The operational behavior of the air conditioning 5 
system (10) of this modification is described with refer- 
ence to Figures 3 to 6. The air conditioning system (10) 
of the present embodiment performs a dehumidification 
cooling operation and a humidification heating operation. 
The airconditioning system (10) also provides air condi- 
tioning and ventilation of the room space by coping with 
the outdoor air and supplying it to the room space while 
coping with part of the room air and circulating it in the 
room space. When unshown indoor fan and exhaust fan 
in the airconditioning system (1 0) are operated, the room 
air is taken in the indoor unit (11) and the outdoor air is 
taken in the outdoor unit (12). 

<Dehumidification cooling operation> 

[0068] During the dehumidification cooling operation, 
the refrigerant circuit (40) is put into the state as shown 
in Figure 3. Further, in the air conditioning system (10), 
a first mode in which the refrigerant circuit (40) is put into 
the state shown in Figure 3(B) and a second mode in 
which the refrigerant circuit (40) is put into the state 
shown in Figure 3(A) are repeatedly alternated. 
[0069] In the first mode, as shown in Figure 5, the air 
taken in the outdoor unit (12) comprises separate flows 
into the first adsorption heat exchanger (56), the outdoor 
heat exchanger (54) and the second adsorption heat ex- 
changer (57). 

[0070] The air having flowed into the first adsorption 
heat exchanger (56) gives heat of evaporation to refrig- 
erant flowing through the first adsorption heat exchanger 
(56) functioning as an evaporator and thereby being 
cooled. Further, moisture in the air is adsorbed by the 
adsorbent carried on the first adsorption heat exchanger 
(56), so that the air is dehumidified. The air cooled and 
dehumidified by the first adsorption heat exchanger (56) 
flows through the unshown air passage disposed be- 
tween the outdoor unit (12) and the indoor unit (11) and 
then into the indoor unit (11). The air is mixed with the 
above-mentioned room air taken in the indoor unit (11) 
and then flows through the indoor heat exchanger (55). 
The mixed air gives heat of evaporation to refrigerant 
flowing through the indoor heat exchanger (55) function- 
ing as an evaporator and thereby being further cooled. 
The airthus cooled and dehumidified is supplied through 
the indoor unit (11) to the room space. 
[0071] On the other hand, out of the air taken in the 
outdoor unit (12), the air having flowed into the outdoor 
heat exchanger (54) is given heat of condensation from 
refrigerant flowing through the outdoor heat exchanger 
(54) functioning as a condenser and thereby heated. The 
air heated by the outdoor heat exchanger (54) is dis- 
charged throughthe indoor unit (12)to the outdoorspace. 
Out of the air taken" in the outdoor unit (1 2), the air having 



flowed into the second adsorption heat exchanger (57) 
causes moisture in the adsorbent of the second adsorp- 
tion heat exchanger (57) to be desorbed and the des- 
orbed moisture is given to the air. Thus, the air having 
generated the second adsorption heat exchanger (57) is 
discharged through the outdoor unit (12) to the outdoor 
space. 

[0072] On the contrary to the first mode, in the second 
mode, as shown in Figure 6, air dehumidification is im- 
plemented bythe second adsorption heatexchanger(57) 
and the adsorbent of the first adsorption heat exchanger 
(56) is regenerated by the air. The rest of the behavior 
is the same as in the first mode described above. 

^Humidification heating operation> 

[0073] During the humidification heating operation, the 
refrigerant circuit (40) is put into the state as shown in 
Figure 4. Further, in the airconditioning system (10), a 
first mode in which the refrigerant circuit (40) is put into 
the state shown in Figure 4(A) and a second mode in 
which the refrigerant circuit (40) is put into the state 
shown in Figure 4(B) are repeatedly alternated. 
[0074] In the first mode, as shown in Figure 5, the air 
taken in the outdoor unit (12) comprises separate flows 
into the first adsorption heat exchanger (56), the outdoor 
heat exchanger(54) and the second adsorption heat ex- 
changer (57). 

[0075] The air having flowed into the first adsorption 
heat exchanger (56) is given heat of condensation from 
refrigerant flowing through the first adsorption heat ex- 
changer (56) functioning as a condenser and thereby 
heated. Further, the air is given moisture desorbed from 
the adsorbent of the first adsorption heat exchanger (56) 
and thereby humidified- The air heated and humidified 
by the first adsorption heat exchanger (56) flows through 
the unshown air passage disposed between the outdoor 
unit (12) andthe indoor unit (11) and then into the indoor 
unit (1 1 ). The air is mixed with the above-mentioned room 
air taken in the indoor unit (11) and then flows through 
the indoor heat exchanger (55). The mixed air is given 
heat of condensation from refrigerant flowing through the 
indoor heat exchanger (55) functioning as a condenser 
and thereby further heated. The airthus heated and hu- 
midified is supplied through the indoor unit (11) to the 
room space. 

[0076] On the other hand, out of the air taken in the 
outdoor unit (12), the air having flowed into the outdoor 
heat exchanger (54) gives heat of evaporation to refrig- 
erant flowing through the outdoor heat exchanger (54) 
functioning as an evaporator and thereby being cooled. 
The air cooled by the outdoor heat exchanger (54) is 
discharged through the indoor unit (12) to the outdoor 
space. Out of the air taken in the outdoor unit (12), the 
air having flowed into the second adsorption heat ex- 
changer (57) causes its moisture to be adsorbed on the 
adsorbent of the second adsorption heat exchanger (57). 
Thus, the air having given moisture to the adsorbent of 
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the second adsorption heat exchanger (57) is discharged 
through the outdoor unit (12) to the outdoor space. 
[0077] On the contrary to the first mode, in the second 
mode, as shown in Figure 6, air humidification is imple- 
mented by the second adsorption heat exchanger (57) 
and moisture in the air is given to the adsorbent of the 
first adsorption heat exchanger (56). The rest of the be- 
havior is the same as in the first mode described above. 
[0078] In the air conditioning system (10) of this mod- 
ification, the flowofairth rough the outdoorheat exchang- 
er (54) and the flow of air through the adsorption heat 
exchanger (56, 57) concurrently pass in parallel in the 
outdoor unit (12) and are then discharged to the outdoor 
space. In this case, the pressure loss produced with air 
flowing is reduced as compared with when the air se- 
quentially flows through, forexample, the adsorption heat 
exchanger and the outdoor heat exchanger. This pro- 
vides reduced power for the outdoor fan and in turn re- 
duced running cost. Further, the outdoor fan can be 
downsized. 

«Embodiment 2 of the lnvention» 

[0079] Next, Embodiment 2 ol the present invention is 
described. As shown in Figures 7 and 8, the air condi- 
tioning system (10) of Embodiment 2 is configured, like 
Embodiment 1 , as a so-called separate type and includes 
an indoor unit (11) and an outdoor unit (12). A refrigerant 
circuit (40) of the airconditioning system (10) is provided 
with an outdoor heat exchanger (54), an indoor heat ex- 
changer (55) and first and second adsorption heat ex- 
changers (56, 57). 

[0080] The indoor unit (1 1 ) includes an indoor heat ex- 
changer (55), the first adsorption heat exchanger (56) 
and the second adsorption heat exchanger (57) and is 
disposed in the room space. On the other hand, the out- 
door unit (12) includes the outdoor heat exchanger (54) 
and is disposed in the outdoor space. 
[0081 ] As shown in Figures 7 an d 8, the aircon ditioning 
system (10) of Embodiment 2 is configured to allow the 
air to concurrently flow in parallelflows through the indoor 
heat exchanger (55) and the adsorption heat exchanger 
(56, 57) both disposed in the indoor unit (12) and supply 
to the room space the flow of air having passed through 
the indoor heat exchanger (55) and the flow of air having 
passed through the adsorption heat exchanger (56, 57). 
The air conditioning system (10) is also configured to 
discharge the air having passed through the other ad- 
sorption heat exchanger (56, 57) to the outdoor space 
through the outdoor heat exchanger (54). The rest of the 
configuration of Embodiment 2 is the same as in Embod- 
iment 1. 

- Operational Behavior - 

[0082] The operational behavior of the airconditioning 
system (10) of Embodiment 2 is described with reference 
to Figures 3, 4, 7 and 8. The air conditioning system (10) 



of the present embodiment performs a dehumidification 
cooling operation and a humidification heating operation. 
The air conditioning system (1 0) also provides air condi- 
tioning and ventilation of the room space by coping with 

5 the room air and returning it to the room space while 
discharging part of the room air to the outdoor space. 
When unshown indoor fan and exhaust fan in the aircon- 
ditioning system (10) are operated, the room air is taken 
in the indoor unit (11) and the outdoor air is taken in the 

to outdoor unit (12). 

<Dehumidification cooling operation> 

[0083] During the dehumidification cooling operation, 

15 the refrigerant circuit (40) is put into the state shown in 
Figure 3. Further, in the airconditioning system (10), a 
first mode in which the refrigerant circuit (40) is put into 
the state shown in Figure 3(B) and a second mode in 
which the refrigerant circuit (40) is put into the state 

so shown in Figure 3(A) are repeatedly alternated. 

[0084] In the first mode, as shown in Figure 7, the air 
taken in the indoor unit (11) comprises separate flows 
into the first adsorption heat exchanger (56), the outdoor 
heat exchanger (54) and the second adsorption heat ex- 

25 changer (57). 

[0085] The air having flowed into the first adsorption 
heat exchanger (56) gives heat of evaporation to refrig- 
erant flowing through thefirst adsorption heat exchanger 
(56) functioning as an evaporator and thereby being 

30 cooled. Further, moisture in the air is adsorbed by the 
adsorbent of the first adsorption heat exchanger (56), so 
that the air is dehumidified. The air cooled and dehumid- 
ified by the first adsorption heat exchanger (56) is sup- 
plied through the indoor unit (1 1) to the room space. 

35 [0086] The air having flowed into the indoor heat ex- 
changer(55) gives heat of evaporation to refrigerant flow- 
ing through the indoor heat exchanger (55) functioning 
as an evaporator and thereby being cooled. The air 
cooled by the indoor heat exchanger (55) is supplied 

"0 through the indoor unit (11) to the room space. 

[0087] On the other hand, out of the air taken in the 
indoor unit (11), the air having flowed into the second 
adsorption heat exchanger (57) causes moisture in the 
adsorbent of the second adsorption heat exchanger (57) - 

45 to be desorbed and the desorbed moisture is given to 
the air. Thus, the air having generated the second ad- 
sorption heat exchanger (57) flows through the unshown 
airpassage disposed between the outdoor unit (12) and 
the indoor unit (11) and then into the outdoor unit (12). 

so The air is mixed with the above-mentioned outdoor air 
taken in the outdoor unit (12) and then flows through the 
outdoor heat exchanger (54). The mixed air is given heat 
of condensation from refrigerant flowing through the out- 
door heat exchanger (54) functioning as a condenser 

55 and thereby heated. Then, the air is discharged through 
the outdoor unit (12) to the outdoor space. 
[0088] On the contrary to the first mode, in the second 
mode, as shown in Figure 8, air dehumidification is im- 
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plemented by the second adsorption heat exchanger (57) 
and the adsorbent of the first adsorption heat exchanger 
(56) is regenerated by the air. The rest of the behavior 
is the same as in the first mode described above. 

<Humidification heating operation> 

[0089] During the humidification heating operation, the 
refrigerant circuit (40) is put into the state as shown in 
Figure 4. Further, in the air conditioning system (10), a 
first mode in which the refrigerant circuit (40) is put into 
the state shown in Figure 4(A) and a second mode in 
which the refrigerant circuit (40) is put into the state 
shown in Figure 4(B) are repeatedly alternated. 
[0090] In the first mode, as shown in Figure 7, the air 
taken in the indoor unit (11) comprises separate flows 
into the first adsorption heat exchanger (56), the outdoor 
heat exchanger (54) and the second adsorption heat ex- 
changer (57). 

[0091] The air having flowed into the first adsorption 
heat exchanger (56) is given heat of condensation from 
refrigerant flowing through the first adsorption heat ex- 
changer (56) functioning as a condenser and thereby 
heated. Further, the air is given moisture desorbed f rom 
the adsorbent of the first adsorption heat exchanger (56) 
and thereby humidified. The air heated and humidified 
by the first adsorption heat exchanger (56) is supplied 
through the indoor unit (11) to the room space. 
[0092] The air having flowed into the indoor heat ex- 
changer (55) is given heat of condensation from refrig- 
erant flowing through the indoor heat exchanger (55) 
functioning as a condenser and thereby heated. The air 
heated by the indoor heat exchanger (55) is supplied 
through the indoor unit (11) to the room space. 
[0093] On the other hand, out of the air taken in the 
indoor unit (11), the air having flowed into the second 
adsorption heat exchanger (57)gives moisture to the ad- 
sorbent of the second adsorption heat exchanger (57). 
Then, the airflows through the unshown air passage dis- 
posed between the indoor unit (11) and the outdoor unit 
(12) and then into the outdoor unit (12). The air is mixed 
with the above-mentioned outdoor air taken in the out- 
door unit (12) and then flows through the outdoor heat 
exchanger (54). The mixed air gives heat of evaporation 
to refrigerant flowing through theoutdoorheat exchanger 
(54) functioning as an evaporator and thereby being 
cooled. Then, the air is discharged through the outdoor 
unit (12) to the outdoor space. 
[0094] On the contrary to the first mode, in the second 
mode, as shown in Figure 8, air humidification is imple- 
mented by the second adsorption heat exchanger (57) 
and moisture in the air is given to the adsorbent of the 
first adsorption heat exchanger (56). The rest of the be- 
havior is the same as in the first mode described above. 

- Effects of Embodiment 2 - 

[0095] In Embodiment 2, like Embodiment 1, the ad- 



sorption heat exchangers (56, 57) are disposed in the 
refrigerant circuit (40) and the air humidity is controlled 
by passing the air through the adsorption heat exchang- 
ers (56, 57). Therefore, in dehumidifying air, the refrig- 

5 erant evaporation temperature in the refrigeration cycle 
can be set higher than conventionally done, which reduc- 
es the difference between high and low pressures in the 
refrigeration cycle. As a result, the power consumption 
of the compressor (50) can be reduced, thereby improv- 

to ing the COP of the refrigeration cycle. 

[0096] Further, Embodiment 2 is configured to allow 
the air to concurrently flow in parallel flows through the 
indoor heat exchanger (55) and the adsorption heat ex- 
changer (56, 57), respectively, andtosupplyto the room 

15 spacethe flows of airindividually coped with by the indoor 
heat exchanger (55) and the adsorption heat exchanger 
(56, 57). In this case, the pressure loss produced with 
air flowing is reduced as compared with when the air 
sequentially flows through, for example, the adsorption 

so heat exchanger and the indoor heat exchanger. This pro- 
vides reduced powerforthe outdoor fan and in turn down- 
sizes the outdoorfan. Furthermore, the flows of airto be 
supplied to the room space can be coped with by the 
indoor heat exchanger (55) and the adsorption heat ex- 

« changer (56, 57) individually. Therefore, for example, if 
the amount of air flowing through the indoor heat ex- 
changer (55) and the amount of air flowing through the 
adsorption heat exchanger (56, 57) are separately con- 
trolled, the temperature control and humidity control of 

30 the room space can be carried out individually. This in- 
creases the flexibility of air conditioning using the aircon- 
ditioning system (1 1 ) and thereby enhances the comfort- 
ableness of the room space. 

[0097] Furthermore, Embodiment 2 is configured so 

as that the air having passed through the first or second 
heat exchanger (56, 57) flows through the outdoor heat 
exchanger (54) and is then discharged through the out- 
door unit (1 2) to the outdoor space. Thus, during the hu- 
midification heating operation, the humidity of the air to 

40 be cooled by the outdoor heat exchanger (54) can be 
lowered by the adsorption action of the first or second 
adsorption heat exchanger (56, 57). Therefore, the 
amount of condensate produced during air cooling of the 
outdoor heat exchanger (54) can be reduced. As a result, 

45 a drain recovery system or the like disposed near the 
outdoor heat exchanger (54) can be downsized. In addi- 
tion, the freezing of condensate can be prevented, which 
eliminates the need for a system against freezing or 
downsizes the system. Therefore, the air conditioning 

so system can have a compact design. 

[0098] Embodiment 2 is configured so thatthe air hav- 
ing passed through the first or second adsorption heat 
exchanger (56, 57) is first mixed with the outdoor air and 
the mixed air then flows through the outdoor heat ex- 

55 changer (54). The air flowing through the outdoor heat 
exchanger (54), however, may be only the room air hav- 
ing passed through the first or second adsorption heat 
exchanger (56, 57). Also in this case, owing to the above 
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reason, the amount of condensate produced during air 
cooling of the outdoor heat exchanger (54) can he re- 
duced. 

- Modification of Embodiment 2 - 

[0099] This modification varies in the air flow to be 
coped with from the air conditioning system (10) of Em- 
bodiment 2. As shown in Figures 9 and 10, the air con- 
ditioning system (10) of the modification is configured so 
that in supplying the air through the indoor unit (11) to 
the room space, the air having passed through the indoor 
heat exchanger (55) is supplied through the first or sec- 
ond adsorption heat exchanger (56, 57) to the room 
space. Further, the air conditioning system (10) includes 
no air passage disposed between the indoor unit (11) 
and the outdoor unit (12) as described in Embodiment 2 
but the indoor unit (1 1 ) is provided with an unshown ex- 
haust passage for discharging the air coped with to the 
outdoor space. The rest of the configuration of the air 
conditioning system (10) of this modification is the same 
as in Embodiment 2. 

- Operational Behavior - 

[01 00] The operational behavior of the air conditioning 
system (10) of this modification is described with refer- 
ence to Figures 3, 4, 9 and 10. The air conditioning sys- 
tem (10) of the present embodiment performs a dehu- 
midification cooling operation and a humidification heat- 
ing operation. The air conditioning system (10) also pro- 
vides air conditioning and ventilation of the room space 
by coping with the room air and returning it to the room 
space while discharging part of the room airtothe outdoor 
space. When unshown indoor fan and exhaust fan in the 
air conditioning system (10) are operated, the room air 
is taken in the indoor unit (1 1 ) and the outdoor air is taken 
in the outdoor unit (1 2). 

<Dehumidification cooling operation> 

[0101] During the dehumidification cooling operation, 
the refrigerant circuit (40) is put into the state shown in 
Figure 3. Further, in the air conditioning system (10), a 
first mode in which the refrigerant circuit (40) is put into 
the state shown in Figure 3(B) and a second mode in 
which the refrigerant circuit (40) is put into the state 
shown in Figure 3(A) are repeatedly alternated. 
[0102] In the first mode, as shown in Figure 9, the air 
taken in the indoor unit (11) comprises separate flows 
into the outdoor heat exchanger (54) and the second ad- 
sorption heat exchanger (57). 
[0103] The air having flowed into the indoor heat ex- 
changer (55) is cooled by the indoor heat exchanger (55) 
serving as an evaporator. Part of the air flows through 
the first adsorption heat exchanger (56), while the rest is 
supplied through the indoor unit (11 ) to the room space. 
The airflowing through the first adsorption heat exchang- 



er (56) is cooled by the first adsorption heat exchanger 
(56) serving as an evaporator. Further, moisture in the 
air is adsorbed by the adsorbent of the first adsorption 
heat exchanger (56), so that the air is dehumidified. The 

s airthus cooled and dehumidified is supplied through the 
indoor unit (1 1 ) to the room space. 
[0104] Out of the air taken in the indoor unit (10), the 
air having flowed into the second adsorption heat ex- 
changer (57) causes moisture in the adsorbent of the 

10 second adsorption heat exchanger (57) to be desorbed 
and the desorbed moisture is given to the air. Thus, the 
air having generated the second adsorption heat ex- 
changer (57) is discharged through the above-mentioned 
exhaust passage to the outdoor space. 

is [0105] On the contrary to the first mode, in the second 
mode, as shown in Figure 10, air dehumidification is inv 
plem ented by the second adsorption heat exch anger (57) 
and the adsorbent of the first adsorption heat exchanger 
(56) is regenerated by the air. The rest of the behavior 

20 is the same as in the first mode described above. 

<Humidification heating operation> 

[0106] Duringthe humidification heating operation, the 

2$ refrigerant circuit (40) is put into the state as shown in 
Figure 4. Further, in the air conditioning system (10), a 
first mode in which the refrigerant circuit (40) is put into 
the state shown in Figure 4{A) and a second mode in 
which the refrigerant circuit (40) is put into the state 

30 shown in Figure 4(B) are repeatedly alternated. 

[0107] In the first mode, as shown in Figure 9, the air 
taken in the indoor unit (11) comprises separate flows 
into the outdoor heat exchanger (54) and the second ad- 
sorption heat exchanger (57). 

35 [0108] The air having flowed into the indoor heat ex- 
changer (55) is heated by the indoor heat exchanger (55) 
serving as a condenser. Part of the airflows through the 
first adsorption heat exchanger (56), while the rest is sup- 
plied through the indoor unit (11) to the room space. The 
air flowing through the first adsorption heat exchanger 
(56) is humidified by taking moisture desorbed from the 
adsorbent of the first adsorption heat exchanger (56). 
The air thus heated and humidified is supplied through 
the indoor unit (11) to the room space. 

45 [0109] Out of the air taken in the indoor unit (10), the 
air having flowed into the second adsorption heat ex- 
changer (57) gives moisture to the adsorbent of the sec- 
ond adsorption heat exchanger (57). Then, the air is dis- 
chargedth rough the above-mentioned exhaust passage 

so to the outdoor space. 

[0110] On the contrary to the first mode, in the second 
mode, as shown in Figure 10, air humidification is imple- 
mented by the second adsorption heat exchanger (57) 
and moisture in the air is given to the adsorbent of the 

55 first adsorption heat exchanger (56). The rest of the be- 
havior is the same as in the first mode described above. 
[0111] This modification is configured so that the air 
having passed through the indoor heat exchanger (55) 
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flows through the first or second adsorption heat ex- 
changer (56, 57) and is then supplied through the indoor 
unit (11) to the room space. Therefore, during the dehu- 
midification cooling operation, the air flowing through the 
first or second adsorption heat exchanger (56, 57) has 5 
a lower temperature than when not cooled by the indoor 
heat exchanger (55). This enhances the moisture ad- 
sorption capacities of the adsorbents of the first and sec- 
ond adsorption heat exchangers (56, 57). As a result, 
the dehumidification performance of the air conditioning n> 
system (10) is enhanced. 

[0112] On the other hand, during the humidification 
heating operation, the airflowing through the first or sec- 
ond adsorption heat exchanger (56, 57) has a higher 
temperature than when not heated by the indoor heat '5 
exchanger (55). This enhances the moisture desorption 
capacities of the adsorbents of the-first and second ad- 
sorption heat exchangers (56, 57). As a result, the hu- 
midification performance of the air conditioning system 
(10) is enhanced. 20 
[0113] Though this modification is configured so that 
part of the air having passed through the indoor heat 
exchanger (55) flows through the first or second adsorp- 
tion heat exchanger (56, 57), the air conditioning system 
may be configured so that the whole air having passed 2s 
through the indoor heat exchanger (55) flows through the 
first or second adsorption heat exchanger (56, 57). Also 
in this case, the dehumidification and humidification per- 
formances can be enhanced owing to the above reason. 

30 

«Embodiment 3 of the lnvention» 

[0114] Next,an aircond'rtioningsystem(10)of Embod- 
iment 3 of the present invention is described with refer- 
ence to several drawings. A refrigerant circuit (40) of the 35 
air conditioning system (10) is provided with an outdoor 
heat exchanger (54), an indoor heat exchanger (55) and 
first and second adsorption heat exchangers (56, 57). 
The rest of the configuration of the refrigerant circuit (40) 
is the same as in the above Embodiments 1 and 2 as *> 
shown in Figures 3 and 4. 

[0115] As shown in Figures 11 and 12, the air condi- 
tioning system (10) is configured as a so-called separate 
type and includes an indoor unit (11) and an outdoor unit 
(12). The indoor unit (11) includes the indoor heat ex- 45 
changer (55) and is disposed in a room space. The indoor 
unit (11) is configured as a so-called wall-mounted type, 
namely, is mounted on a wall surface of the room. On 
the other hand, the outdoor unit (1 2) includes the outdoor 
heat exchanger (54), the first adsorption heat exchanger so 
(56) and the second adsorption heat exchanger (57) and 
is disposed in the outdoor space. Further, as shown in 
Figure 13, the indoor unit (11) and the outdoor unit (12) 
are connected to each other via a gas-side interconnect- 
ing line (43) and a liquid-side interconnecting line (44) in 55 
the refrigerant circuit (40). In an outdoor casing (13) for 
the outdoor unit (12), a compressor (50) and an outdoor 
fan (14) are contained in addition to the outdoor heat 



exchanger (54). 

[0116] The indoor unit (11) has an indoor casing (20) 
formed in the shape of a landscape box. The indoor heat 
exchanger (55), the first adsorption heat exchanger (56) 
and the second adsorption heat exchanger (57) are ar- 
ranged at the front of the indoorcasing (20). Specifically, 
the first adsorption heat exchanger (56) and the second 
adsorption heat exchanger (57) are arranged side by side 
in the upper part of the front of the indoor casing (20). 
When the indoor casing (20) is viewed from the front, the 
first adsorption heat exchanger (56) and the second ad- 
sorption heat exchanger (57) are disposed to the left and 
right, respectively. Further, at the front of the indoorcas- 
ing (20), the indoor heat exchanger (55) is arranged be- 
low the first adsorption heat exchanger (56) and the sec- 
ond adsorption heat exchanger (57) and an air supply 
opening (26) is open below the indoor heat exchanger 
(55). 

[0117] The inner space ofthe indoorcasing (20) is di- 
vided into front and back spaces. The back space in the 
indoorcasing (20) constitutes an exhaust passage (24). 
The front space in the indoorcasing (20) is further divided 
into upper and lower parts. The lower part of the front 
space is located to the back of the indoor heat exchanger 
(55) and constitutes an air supply passage (23). On the 
other hand, the upper part of the front space is further 
divided into left and right sides. The left side of the upper 
part, which is located to the back of the first adsorption 
heat exchanger (56), constitutes afirst adsorption spacs 
(21) andthe right side ofthe upperspace, which is located 
to the back ofthe second adsorption heat exchanger (57), 
constitutes a second adsorption space (22). 
[0118] The exhaust passage (24) in the indoor casing 
(20) contains an exhaust fan (32). Further, the exhaust 
passage (24) is connected to an exhaust duct (25) open 
to the outside atmosphere. On the other hand, the air 
supply passage (23) contains an indoor fan (31). The air 
supply passage (23) communicates with the air supply 
opening (26). 

[01 19] The indoor casing (20) is provided with four on- 
off dampers (33-36). Specifically, a first air supply damp- 
er (33) is placed at the divider between the first adsorption 
space (21) and the air supply passage (23) and s first 
exhaust damper (34) is placed at the divider between the 
firs: adsorption space (21 ) andthe exhaust passage (24). 
Further, a second air supply damper (35) is placed at the 
divider between the second adsorption space (22) and 
the airsupply passage (23) and a second exhaust damp- 
er (36) is placed at the divider between the second ad- 
sorption space (22) and the exhaust passage (24). 
[0120] Underthe above structure, as shown in Figures 
11 and 12, the air conditioning system (10) is configured 
to dehumidify or humidify the room space by allowing the 
airto concurrently flow in parallel flows through the indoor 
heat exchanger (55) and the adsorption heat exchanger 
[56, 57) both disposed in the indoor unit (11) and sup- 
plying the air having passed through the indoor heat ex- 
changer (55) and the air having passed through the ad- 
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sorption heat exchanger (56, 57) to the room space. 
- Operational Behavior - 

[0121] The air conditioning system (10) of the present 
embodiment performs a dehumidification cooling opera- 
tion and a humidification heating ope ration. A description, 
however, is given hereto only the dehumidification cool- 
ing operation of the air conditioning system (10). 
[0122] When the indoor fan (31) and the exhaust fan 
(32) in the air conditioning system (10) are operated, 
room air flows into each of the indoor heat exchanger 

(55) , the first adsorption heat exchanger (56) and the 
second adsorption heat exchanger (57). Further, when 
the outdoor fan (14) is operated, outdoor air flows into 
the outdoor heat exchanger (54). 

[0123] During the dehumidification cooling operation, 
as shown in Figure 3, in the refrigerant circuit (40), the 
first f o u r- way selector valve (51 ) is set to th e first position , 
the opening of the motor-operated expansion valve (53) 
is appropriately controlled, the outdoor heat exchanger 
(54) serves as a condenser and the in door heat exchang- 
er (55) serves as an evaporator. Further, in the air con- 
ditioning system (10), a first mode (the state shown in 
Figure 3(B)) in which the first adsorption heat exchanger 

(56) serves as an evaporator and the second adsorption 
heat exchanger (57) serves as acondenser and asecond 
mode (the state shown in Figure 3(A)) in which the sec- 
ond adsorption heat exchanger (57) serves as an evap- 
oratorandthe first adsorption heat exchanger(56)serves 
as a condenser are repeatedly alternated. 

[0124] During the first mode, as shown in Figure 14, 
the first air supply damper (33) and the second exhaust 
damper (36) are opened and the first exhaust damper 
(34) and the second air supply damper (35) are closed. 
The airflow is as shown in Figure 11. 
[0125] The air having flowed into the first adsorption 
heat exch an ger (56) is cooled by th e first adso rptio n h eat 
exchanger (56) serving as an evaporator. Further, mois- 
ture in the air is adsorbed by the adsorbent of the first 
adsorption heat exchanger (56), so that the air is dehu- 
midified. The air dehumidified by the first adsorption heat 
exchanger (56) flows through the first adsorption space 
(21 ), the first air supply damper (33) and then into the air 
supply passage (23). On the other hand, the air having 
flowed into the indoor heat exchanger (55) is cooled by 
the indoor heat exch anger (55) servi ng as an evaporator. 
Then, the air cooled by the indoor heat exchanger (55) 
is mixed, in the air supply passage (23), with the air de- 
humidified and cooled by the first adsorption heat ex- 
changer (56). Then, the mixed air is supplied through the 
air supply opening (26) to the room space. 
[0126] The air having flowed into the second adsorp- 
tion heat exchanger (57) causes moisture in the adsorb- 
ent of the second adsorption heat exchanger (57) to be 
desorbed and the moisture is given to the air. The air 
having thus generated the second adsorption heat ex- 
changer (57) passes through the second adsorption 



space (22), the second exhaust damper (36) and then 
into the exhaust passage (24). Then, the air passes 
through the exhaust duct (25) and is then discharged to 
the outdoor space. 
s [0127] During the second mode, as shown in Figure 
1 5, the first exhaust damper (34) and the second air sup- 
p ly damper (35) are ope ned a nd the f i rst ai r su pp ly dam p- 
er (33) and the second exhaust damper (36) are closed. 
The air flow is as shown in Figure 1 2. 
io [0126] The air having flowed into the second adsorp- 
tion heat exchanger (57) is cooled by the second adsorp- 
tion heat exchanger (57) serving as an evaporator. Fur 
ther, moisture in the air is adsorbed by the adsorbent of 
the second adsorption heat exchanger (57), so that the 
is air is dehumidified. The air dehumidified by the second 
adsorption heat exchanger(57)flows through the second 
adso rption space (22), the second air supply dampe r (35) 
and then into the air supply passage (23). On the other 
hand, the air having flowed into the indoor heat exchang- 
ee er (55) is cooled by the indoor heat exchanger (55) serv- 
ing as an evaporator. Then, the air cooled by the indoor 
heat exchanger (55) is mixed, in the air supply passage 

(23) , with the air dehumidified and cooled by the second 
adsorption heat exchanger (57). Then, the mixed air is 

25 supplied through the air supply opening (26) to the room 
space. 

[0129] The air having flowed into the first adsorption 
heat exchanger (56) causes moisture in the adsorbent 
of thefirst adsorption heat exchanger (56) to be desorbed 
30 and the moisture is given to the air. The air having thus 
generated the first adsorption heat exchanger (56) pass- 
es through the first adsorption space (21), the first ex- 
haust clamper (34) and then into the exhaust passage 

(24) . Then, the air passes through the exhaust duct (25) 
35 and is then discharged to the outdoor space. 

- Effects of Embodiment 3 - 

[0130] In Embodiment 3, like Embodiments 1 and 2, 
the adsorption heat exchangers (56, 57) are disposed in 
the refrigerant circuit (40) and the air humidity is control- 
led by passing the air through the adsorption heat ex- 
changers (56, 57). Therefore, in dehumidifying air, the 
refrigerant evaporation temperature in the refrigeration 

45 cycle can be set higherthan conventionally done, which 
reduces the difference between high and low pressures 
in the refrigeration cycle. As a result, the powerconsump- 
tion of the compressor (50) can be reduced, thereby im- 
proving the COP of the refrigeration cycle. 

so [0131] Further, Embodiment 3 is configured to allow 
the air to concurrently flow in parallel flows through the 
indoor heat exchanger (55) and the adsorption heat ex- 
changer (56, 57), respectively, andtosupplytothe room 
space the flows of air individually coped with by th e indoor 

5s heat exchanger (55) and the adsorption heat exchanger 
(56, 57). In this case, the pressure loss produced with 
air flowing is reduced as compared with when the air 
sequentially flows through, for example, the adsorption 
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heat exchanger and the indoor heat exchanger. This pro- 
vides reduced power for the indoor fan (31) and in turn 
downsizes the indoor fan (31). Therefore, the air condi- 
tioning system (10) can have a compact design. 

- Modification of Embodiment 3 - 

[0132] This modification varies partly in air flow from 
the air conditioning system (10) of Embodiment 3. The 
air conditioning system (10) is configured, as shown in 
Figure 16, so that in addition to air exhaust from the room 
to the outside, the outdoor air taken in from the outside 
is introduced into one of the adsorption heat exchangers 
(56, 57) and the air having passed through the one ad- 
sorption heat exchanger (56, 57) is discharged to the 
outside. Thus, during the dehumidification cooling oper- 
ation, both the room air and the outdoor air are supplied 
to the adsorption heat exchanger (56, 57) serving as a 
condenser and both the airs having passed through the 
adsorption heat exchanger (56, 57) are discharged to the 
outdoor space. On the other hand, during the humidifi- 
cation heating operation, both the room air and the out- 
door air are supplied to the adsorption heat exchanger 
(56, 57) serving as an evaporator and both the airs having 
passed through the adsorption heat exchanger (56, 57) 
are discharged to the outdoor space. 
[0133] According to this modification, the flow rate of 
air passing through the adsorption heat exchanger (56, 
57) can be set larger than the amount of exhaust air from 
the room. Therefore, during the dehumidification cooling 
operation, the adsorption heat exchanger (56, 57) serv- 
ing as a condenser can be increased in the flow rate of 
air passing therethrough, which provides a sufficient re- 
generation of the adsorption heat exchanger (56, 57). 
On the other hand, during the humidification heating op- 
eration, the adsorption heat exchanger (56, 57) serving 
as an evaporator can be increased in the flow rate of air 
passing therethrough, which increases the amount of 
moisture adsorbed by the adsorption heat exchanger 
(56,57). 

«Other embodiments» 

[0134] The above embodiments may have the follow- 
ing configurations. 

[0135] As described in the above embodiments, the 
air conditioning system (1 0) is configured to take, in sup- 
ply air to the room space, one of a first air supply pattern 
in which the air having passed through the adsorption 
heat exchanger (56, 57) flows through the indoor heat 
exchanger (55), a second air supply pattern in which the 
airhavingpassedthrough theindoorheat exchanger (55) 
f lows through the adsorption heat exchanger (56, 57) 
and a third air supply pattern in which parallel flows of air 
concurrently pass through the indoor heat exchanger 
(55) and the adsorption heatexchanger(56, 57). Further, 
as described in the above embodiments, the air condi- 
tioning system (10) is configured to take, in discharging 



airtothe outdoor space, one of a first exhaust pattern in 
which the air having passed through the adsorption heat 
exchanger (56, 57) flows through the outdoor heat ex- 
changer (54), a second exhaust pattern in which the air 

5 having passed through the outdoor heat exchanger (54) 
flows through the adsorption heat exchanger (56, 57) 
and a third exhaust pattern in which parallel flows of air 
concurrently pass through the indoor heat exchanger 
(55) and the adsorption heat exchanger (56, 57). The 

io combined airsupply pattern and exhaust pattern may be 
any combination of one of the first, second and third air 
supply patterns and one of the first, second and third 
exhaust patterns. 

[0136] Further, the air conditioning system (10) may 

15 be configured so that air is supplied to the room space 
in one of the first, second and third air supply patterns 
but the air discharge to the outdoor space is implemented 
by any pattern other than the first, second and third ex- 
haust patterns. Furthermore, the air conditioning system 

^0 (10) may be configured so that air is discharged to the 
outdoorspace in one of the first, second andthird exhaust 
patterns but the air supply to the room space is imple- 
mented by any pattern other than the first, second and 
third air supply patterns. 

25 [01 37] Though in the above embodiments two adsorp- 
tion heat exchangers (56, 57) are disposed in the refrig- 
erant circuit (40), asingle adsorption he atexch anger may 
be disposed therein. In this case, an adsorption action 
and a regeneration action are repeatedly alternated in 

30 the adsorption heat exchanger so that dehumidification 
or humidification can be implemented in intermittent op- 
eration. 

[0138] Furthermore, in the above embodiments, the 
refrigerant circuit (40) includes an indoorheat exchanger 

35 (55) as a utilization side heat exchanger and an outdoor 
heat exchanger (54) as a heat-source side heat exchang- 
er. The utilization side heat exchanger, however, may 
not necessary be disposed in the room space but may 
be disposed in the outdoor space. On the other hand, 

•*» the heat-source side heat exchanger may not necessary 
be disposed in the outdoor space but may be disposed 
in the room space. Furthermore, a plurality of utilization 
side heat exchangers and a plurality of heat-source side 
heat exchangers may be disposed in the refrigerant cir- 

45 cuit. 

industrial Applicability 

[0139] As seen from the above description, the present 
so invention is usefulforairconditioning systems f or ru n n ing 
a refrigeration cycle to cope with indoor sensible heat 
load and latent heat load. 



55 Claims 

1. An air conditioning system, including a refrigerant 
circuit provided with a heat-source side heat ex- 
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changer and a utilization side heat exchanger, for 
running a refrigeration cycle in the refrigerant circuit 
and supplying air having passed through the utiliza- 
tion side heat exchanger to a room space to cope 
with sensible heat load and latent heat load in the s 
room, wherein 

the refrigerant circuit is further provided with an ad- 
sorption heat exchanger on the surface of which an 
adsorbentfor moisture adsorption thereon and mois- 
ture desorption therefrom is carried, and to 
the air conditioning system is configured to supply 
air having passed through the adsorption heat ex- 
changer to the room space through the utilization 
side heat exchanger. 

J5 

2. An air conditioning system, including a refrigerant 
circuit provided with a heat-source side heat ex- 
changer and a utilization side heat exchanger, for 
running a refrigeration cycle in the refrigerant circuit 
and supplying air having passed through the utiliza- so 
tion side heat exchanger to a room space to cope 
with sensible heat load and latent heat load in the 
room, wherein 

the refrigerant circuit is further provided with an ad- 
sorption heatexchangeronthesu rf ace of which an 25 
adsorbentfor moisture adsorption thereon and mois- 
ture desorption therefrom is carried, and 
the air conditioning system is configured to supply 
air having passed through the utilization side heat 
exchangerto the room space through the adsorption so 
heat exchanger. 

3. An air conditioning system, including a refrigerant 
circuit provided with a heat-source side heat ex- 
changer and a utilization side heat exchanger, for 35 
running a refrigeration cycle in the refrigerant circuit 
and supplying air having passed through the utiliza- 
tion side heat exchanger to a room space to cope 
with sensible heat load and latent heat load in the 
room, wherein 40 
the refrigerant circuit is further provided with an ad- 
sorption heat exchanger on the surface of which an 
adsorbentfor moisture adsorption thereon and mois- 
ture desorption therefrom is carried, and 

the air conditioning system is configured to allow the 45 
air to concurrently flow in parallel flows through the 
utilization side heat exchanger and the adsorption 
heat exchanger and supply the flows of air to the 
room space. 

50 

4. An air conditioning system, including a refrigerant 
circuit provided with a heat-source side heat ex- 
changer and a utilization side heat exchanger, for 
running a refrigeration cycle in the refrigerant circuit 
and supplying air having passed through the utiliza- 55 
tion side heat exchanger to a room space to cope 
with sensible heat load and latent heat load in the 
room, wherein 



the refrigerant circuit is further provided with an ad- 
sorption heat exchanger on the surface of which an 
adsorbent for moisture adsorptio n thereon an d mois- 
ture desorption therefrom is carried, and 
the airconditioning system is configured to discharge 
air having passed through the adsorption heat ex- 
changer to the outdoor space through the heat- 
source side heat exchanger. 

5. An air conditioning system, including a refrigerant 
circuit provided with a heat-source side heat ex- 
changer and a utilization side heat exchanger, for 
running a refrigeration cycle in the refrigerant circuit 
and supplying air having passed through the utiliza- 
tion side heat exchanger to a room space to cope 
with sensible heat load and latent heat load in the 
room, wherein 

the refrigerant circuit is further provided with an ad- 
sorption heat exchanger on the surface of which an 
adsorbent formoistureadsorptionthereon andmois- 
ture desorption therefrom is carried, and 
the airconditioning system is configured to discharge 
air having passed through the heat-source side heat 
exchangerto the outdoor space through the adsorp- 
tion heat exchanger. 

6. An air conditioning system, including a refrigerant 
circuit provided with a heat-source side heat ex- 
changer and a utilization side heat exchanger, for 
running a refrigeration cycle in the refrigerant circuit 
and supplying air having passed through the utiliza- 
tion side heat exchanger to a room space to cope 
with sensible heat load and latent heat load in the 
room, wherein 

the refrigerant circuit is further provided with an ad- 
sorption heat exchanger on the surface of which an 
adsorbent f or moistu re adso rptio n there on an d mois- 
ture desorption therefrom is carried, and 
the airconditioning system is configured to allow the 
air to concurrently flow in parallel flows through the 
heat-source side heat exchangerandthe adsorption 
heat exchanger and discharge the flows of airto the 
room space. 

7. The air conditioning system of any one of claims 1 
to 6, wherein 

the adsorption heat exchanger comprises a first ad- 
sorption heat exchanger and a second adsorption 
heat exchanger, and 

the air conditioning system is configured to repeat- 
edly alternate a first mode in which the air having 
passed through the first adsorption heat exchanger 
is supplied to the room space and concurrently the 
air having passed through the second adsorption 
heat exchanger is discharged to the outdoor space 
and a second mode in which the air having passed 
through the second adsorption heat exchanger is 
supplied to the room space and concurrently the air 
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having passed through the first adsorption heat ex- 
changer is discharged to the outdoor space. 
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FIG. 3A 
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